
THE ACTION OF THE VAGUS AND THE SYMPA-
THETIC ON THE CESOPHAGUS OF THE TOAD.
BY DR PHIL. BOTTAZZI, Florence. (With 9 Figures in
Text.)

I HAVE made a series of observations on the effects of electric stimula-
tion of the vagus and sympathetic on the oesophagus of toads, not. with
the purpose of contributing anything new to the knowledge of the
innervation of this organ, but with the aim of studying the action of
these nerves on a tissue formed by (unstriated) muscular cells. I may
consequently pass over the numerous works ou the innervation of the
oesophagus.

The cesophagus (or more strictly, its longitudinal muscular layer)
was prepared after the method I have described earlier'.

The isolation and preparation of the sympathetic, between the 1st
spinal nerve and the trunk of the vagus, were made according to the
method of Gaskell and Gadow2.

The stimulation of the vagus, before it receives the fibres coming
from the sympathetic, was usually made at its intracranial roots.
Sometimes I stimnulated also the portion of the M. oblongata containing
the nucleus of the vagus, having beforehand severed this portion from
the brain above, and from the spinal cord below, and having kept it
in connection with the roots of the cranial nerves starting from that
portion of the bulb.

I have always employed as stimulus faradic currents of relatively
feeble intensity so as to avoid escape. This precaution is most neces-
sary, because we have here to stimulate nervous structures placed very
close to each other.

Direct stimulation of the cesophagus.
Before giving the effects of stimulation of the nerves, I must offer

some remarks regarding the direct stimulation of the cesophagus by
means of the faradic current.

' This Journal, xi'v. p. 51. 1899. 11 This Journal, v. p- 362. 1885.
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As is shown by this tracina, the first stinmulation (to the right),
made by means of a rather feeble current, increases remarkably the
tone of the muscle, whilst the elementary contractions, of reduced

Fig. 1. Direct stimulationi. Temp. 200 C. 1 cm. of the tracing corresponds to 14 mins.
The numbers indicate the distance between the coils of induction apparatus; one
Daniell's cell was used; the marks on the abscissa indicate the beginning and end of
the several stimulations, in this case three.
Note. The numbers and marks have the same signification in the later figures.

amplitude, but more frequent, remain superposed on the tonic curve.
Soon after ceasing the stimulation the muscle begins to contract as
before.

The second stimuilation, made by means of a very strong current,
produces a complete and very high contracture, which is not interrupted
by elementary contractions, and is resolved slowly and gradually after
the intermission of the stimulus. The muscle however does not returni
to the previous state of relaxation. although after a certaini period it
shows again the usual rhythmic contractions.

Finally, a stimulation of medium intensity (sec. coil at 5), produces
a rhythmic contracture (by this name I will indicate something like
the rhythmic tetanus), in which however the single contractions are
much shorter and more frequent than in the rhythmic contracture
following on the first stimulation.

Therefore, in these experiments, a prolonged faradic stimulation, if
not excessively strong, excites in the unstriated muscle, besides a con-
siderable increase of tonus, rhythmic contractions which are different, in
rate, from the normal automatic contractions, and which become more
frequent as the stimulus is stronger.

In Fig. 2 the tracing on the right shows a rhythm artificially pro-
duced by means of six faradic stimulations of short duration. The
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muscle had been already brought to a condition of contracture by a
moderately long stimulation. The tracing on the left represents again

Fig. 2. Direct stimulation. Temp. 1800C.

a rhythmnic contracture produced by means of a rather strong stimu-
latioin. Also in this case, the rhythm of the elemnentary contractions
suiperposed on the tonic curve is quite different from the normal auto-
matic one, and, as in the first case,_probably is in connection with the
intensity and duration of the stimulus.

Stimulation of the common vagus-sympathetic trunk.

The stimulation of that portion of the vagus, which contains sympa-
thetic fibres, produces invariably a very higrh tonic contracture of the
longitudinial muscle of the cesophagus-broadly speaking the height
an(l the duiration of the contracture vary directly with the intensity and
the duration of the stimulus.

After a certain period, however, the mnuscle begins to lengthen
gagain, althoughi the stimulation is continued. Rising rapidly, the cuirve

reaches relatively soon its maximum; it shows then a complete con-

tracture, without interruiptions, but later on, and especially in the
descendinig portion of the curve, which is miore or less obliquie on the
abscissa according to the strength and duration of the stimulus, several
elementary contractions appear, small at first, and more and more
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pronounced afterwards, until the inuscle reaches its previous condition
of expansion.

The phenomena following the stimulation of the trunk composed
by fibres both of the vagus and sympathetic, although they represent
the sum of the effects of the stimulation of both nerves, are similar to
those resulting from the stimulation of the vagus alone (see later),
evidently because this nerve governs the innervation of the cesophageal
muscle.

Stimulation of the sympathetic.

I have usually isolated the sympathetic in connection with a portion
of the lst spinal nerve, in order to be able to haindle the thin and short
nervous trunk more easily. The stimulation was always madle as far as
possible from the junction of the sympathetic with the vagus.

The stimulation of the sympathetic, on the right side as well as on
the left, gives rise always to elementary contractions, which are higher

Fig. 3. Stimalation of the sympathetic. Temp. 180 C. 1 cm. of tracing corresponds
to 1O1 mins.

and more vigorous than the normal automatic ones, at the time. But
the effect is of a transitory character, and further, no more than one or
two contractions, higher than the normal ones, can be obtained by
continued stimulation.

The tonus of the muscle does not increase; on the contrary, when
feeble currents are used, a certain expansion, immediate or delayed,
is to be seen. Probably this expainsion would be more conspicuous,
were it possible to avoid completely an escape of current to the vagus.
Repeated stimulations produce always the same effect, as long as the
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muscle is fresh. I have never observed an inhibitory effect on stimula-
tion of the sympathetic.

The period of latent excitation is however long, especially when
compared with that following the stimulation of the vagus. The latency
is nearly 3 or 4 times longer than in the case of the vagus.

Figs. 4 and 5. Stimulation of the sympathetic. Fig. 4. Temp. 190 C.
Fig. 5. Temp. 200C. 1 cm. of tracing corresponds to 21 mins.

Figures 3, 4 and 5 show the effects of stimulation of the sympathetic
alone.

Stimulation of the vagus roots and of the M. oblongata.
The vagus must be considered as the true motor nerve of the

longitudinal muscle of the cesophagus.
The stimulation of the intracranial roots of this nerve, as well as of

its nucleus in the M. oblongata, produces always a more or less strong
and durable shortening of the muscle. That is to say, the tonus of the
muscle increases, and sometimes to a very considerable extent.

Fig. 6. Stimulation of the intracranial vagus. Temp. 2000C. 1 c.c. of the
tracing corresponds to 21 mins.

The rise in the curve is relatively rapid (after a short latent period).
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Superposed on the tonic curve, single elemnentary contractions may be
observed, but I attribute them in large part to variations in the
intensity of the current, because in some other cases the tonic cuirve
is uninterrupted. Only on the descending portion of the curve, after
cessation of the stimulus, undoubted elementary contractions are to be
found; they are sniall at first, and later on more antd more couspicuous.
This portion of the curve is always very oblique and inclined on the
abscissa, that is to say, the expansion of the muscle takes place very
slowly. As a delayed effect of the vagus stimulation, a decrease in
numllber of the elementary automatic contractions sometirnes occurs.

In Figs. 6, 7 and 8 are shown the effects of stimnulating the roots
of the vaous and of stimulating the M. oblongata.

Fig. 6 shows that the second and third stimulations produce a
greater effect, probably in consequence of an increased irritability of
the muscle after the first excitation. Between the second and third
stimulation, ample "tonus oscillations" spontaneously appear; and I
should like to point out this effect, because I shall refer to it in a
Paper on the action of vagus and sympathetic on the auricle of Emys
europa?a, to be published shortly.

Fig. 7. Stimulation of the intracranial vagus. Temp. 2000. 1 c.c. = 14 mins.

Fig. 7 shows the way in which the contracture increases and the
descending portion of the curve becomes more and more oblique in
accordance with the increasing strength of the stimulus.

I have not succeeded in obtaining, certain inhibition of the longi-
tudinal layer of the cesophagus by stimulating the vagus intracranially,
notwithstanding that I have made many experiments with currents of
different intensity. Occasionally slight relaxation occurred on stimula-
tion, but similar relaxations were found to occur spontaneously. In
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one case only (Fig. 9) did there appear to be distinct inhibition. But
if the effect shown is really inhibition it is difficult to understand why
no such effect was obtained in so manv other cases.

Fig. 8. Stimulation of med. obl. Temnp. 1800C. 1 c.c. = 14 mins.

Perhaps the vaous acts more evidently as an inhibitory nerve on
the circular layer of the cesophaous, as Langley' has recently observed

Fig. 9. Stimaulattion of the intereranial vagus. Temp. 1800C.

oni the cardia. But so far I hiave not been able to mnake experimienits
to test this possibility.

1 This Journal, xxiii. p. 407. 1898.

.1
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CONCLUSIONS.

1. Direct stimtulation of the cesophagus with faradic currents
causes contracture of the longitudinal muscle; the contracture is
rhythmic when the stimulus is rather weak; it is complete when
the stimulus is very strong.

2. On stimulating the common vago-sympathetic trunk, the action
of the vagus prevails.

3. Stimulation of the roots of the vagus or of the M. oblongata
raises the tonus of the longritudinal layer of the cesophagus, producing
a contracture more or less conspicuous according to the strength of the
electric stimulus. This contracture, according to my hypothesis', is
the expression of excitation of the sarcoplasmic material of the plain
muscular cells.

4. Stimulation of the sympathetic gives rise to a relatively rapid
contraction of the cesophageal muscle, without any increase of tonus.
This contraction may be considered as the expression of excitation of
the (very scanty) anisotropic material of the muscular cells.

5. According to these resuilts, we may suppose that the vagus and
the sympathetic act on different materials of each muscular element,
and in a different way.

I This Journal, xxi. p. 51. 1899.
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